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LIGHTING CONTROL 

FIELD OF THE EMBODIMENTS 

0001. The described embodiments relate generally to 
lighting. More particularly, the described embodiments relate 
to distributed lighting control. 

BACKGROUND 

0002 Lighting control systems automate the operation of 
lighting within a building or residence based upon, for 
example, preset time schedules and/or occupancy and/or day 
light sensing. The Lighting systems typically employ occu 
pancy sensors and/or daylight sensors to determine which 
lighting devices to activate, deactivate, or adjust the light level 
of and when to do so. Occupancy sensors typically sense the 
presence of one or more persons within a defined area and 
generate signals indicative of that presence. Daylight sensors 
typically sense the amount of daylight present within a 
defined area and generate signals indicative of that amount. 
Typically, lighting systems receive the sensor signals at a 
central lighting controller. 
0003. The lighting systems are advantageous because they 
typically reduce energy costs by automatically lowering light 
levels or turning off devices and appliances when not needed, 
and they can allow all devices in the system to be controlled 
from one location. 
0004 Centrally controlled lighting systems can be disad 
Vantageous because all decision making occurs at the control 
ler. Therefore, if the controller becomes inoperative, all light 
ing devices in the system are no longer under automated 
control and some or all may not operate even manually. Simi 
larly, if a connection to or from the controller is severed, the 
lighting devices served by that connection are no longer under 
automated control and also may not operate manually. Partial 
or system-wide functional changes, such as an immediate 
need to override current system settings (for example, during 
a fire or other emergency), cannot be made from anywhere but 
the controller. 
0005. It is desirable to have a method, system and appara 
tus for providing lighting devices that are independently con 
trollable. 

SUMMARY 

0006. One embodiment includes a method of controlling a 
light. The method includes detecting a light adjusting trigger 
event, selecting a random delay time, and adjusting the light, 
wherein the light adjustment occurs the random delay time 
after detecting the light adjusting trigger event. 
0007. Other aspects and advantages of the described 
embodiments will become apparent from the following 
detailed description, taken in conjunction with the accompa 
nying drawings, illustrating by way of example the principles 
of the described embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 shows an example of independently con 
trolled light interfaced with a light and energy management 
system. 
0009 FIG. 2 shows an embodiment of an independently 
controllable light. 
0010 FIG. 3 is a time-line that shows an example of a 
sequence of timing events as one of the independently con 
trollable lights is powered on. 
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0011 FIG. 4 is a time-line that shows an example of a 
sequence of timing events while an independently control 
lable light is operating. 
0012 FIG. 5 is a time-line that shows an example of a 
sequence of events while an independently controllable light 
is increasing its light level. 
0013 FIG. 6 is a flow chart that includes steps of an 
example a method of adjustably increasing a light level of a 
light fixture. 
0014 FIG. 7 is a time-line that shows an example of a 
sequence of events while an independently controllable light 
is decreasing its light level. 
0015 FIG. 8 is a flow chart that includes steps of an 
example a method of adjustably decreasing a light level of a 
light fixture. 
0016 FIG. 9 is a flow chart that includes an example of a 
method of controlling a light fixture. 

DETAILED DESCRIPTION 

0017. As shown in the drawings, the described embodi 
ments are embodied in an apparatus and method for providing 
independently controllable lights. Embodiments of the inde 
pendently controllable lights each include a controller, an 
actuator and sensors. This configuration provides advantages 
over conventional centrally controlled lighting system with 
distributed sensors. 
0018 FIG. 1 shows an example of a plurality of indepen 
dently controlled lights 121, 122, 123, 124, 125, 126 inter 
faced with a light and energy management system (LEMS) 
120. As shown, data can be exchanged between the LEMS 
120 and each of the independently controlled lights 121, 122, 
123, 124, 125, 126. The information from the LEMS 120 
typically includes a light profile. Additionally, information 
can be conveyed from the LEMS 120 to the independently 
controlled lights in, for example, an emergency situation. 
0019. As shown, the independently controlled lights can 
include any number of sensors. The sensors can include, for 
example, a light sensor, a motion sensor, a temperature sen 
Sor, a camera, and/or an air quality sensor. Information 
obtained from the sensors can be used directly by the inde 
pendently controlled light itself, or at least some of the infor 
mation can be fedback to the LEMS 120. The LEMS 120 can 
interface with, for example, a utility server 110 which can 
provide utility information, such as, real-time energy costs, 
and demand response. 
(0020. The LEMS shown as FIG. 1 is optional. That is, it is 
to be understood that the independently controllable light are 
capable of operating without the LEMS. 
0021 FIG. 2 shows an embodiment of an independently 
controllable light (unified controller, actuator and sensors). 
The independently controllable light includes a controller 
220 that independently manages and controls the operation of 
a lighting unit 240. As previously described, the indepen 
dently controllable light can include any combination of sen 
sors, such as, a light sensor 231, a motion sensor 232, a 
temperature sensor 233, a camera 234, and/or an air quality 
sensor 234. Also, as described, the independently control 
lable light can receive profiles from elsewhere over a com 
munications channel. 
0022. In FIG. 2 the independently controllable light 
includes the light unit. It is to be understood that the light unit 
could alternatively be external to the controller. For this 
embodiment, the controller can include outputs to effect the 
light level changes. For example, the outputs can control 
relays to turn lights on and off, and control 0-10 V or PWM 
(pulse width modulation) outputs for dimming. The control 
ler 220 can include a standard chipset that integrates a micro 
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processor unit, and interface for communicating different 
program instructions, and several ports for communicating 
with electronic devices. 
0023. Upon being powered up, a power on mode can be 
initiated in which a default profile is used. Next, a discovery 
mode can be initiated in which the independently controllable 
light associates with the LEMS, or other neighboring lights. It 
should be noted, that due to independent control, installation 
of the lights can be done one light at a time without interfacing 
with an LEMS. However, if association with an LEMS is 
established, the independently controllable light can start 
periodically communicating data with the LEMS. The LEMS 
can then upload a different profile than the default profile. 
0024. In one example, when motion has not been detected 
for a specific interval of time, light produced by the light unit 
240 is dimmed gradually or allowed to remain off. When 
motion is detected, software executed on the microcontroller 
220 compares a sensed level of light with a target level of 
light. When the difference between the sensed level and the 
target level is Substantial, the intensity of produced light can 
be adaptively changed depending upon a variety of factors 
including whether the measured light is higher or lower than 
the target level and the extent of the discrepancy between 
these levels. Additionally, other factors can be considered 
Such as, sensor measurements of the recent past, the time of 
day, and/or other observed patterns. Additionally, the previ 
ously described light profile can influence the emitted light 
adjustments. 
0025. An embodiment includes adjusting the light by 
adjusting a wavelength of light emitted from the light. 
Embodiments include sensing the color temperature of the 
ambient light with a light sensor and simulating natural day 
light cycle. 
0026. Predetermined actions can be taken upon detected 
failure of sensors of the light. For example, the light level of 
the light can increase ifa failure of the light sensor is detected. 
Occupancy can be assumed upon detection of a failure of the 
Occupancy Sensor. 
0027 Various methods can be used to adjust the light level 
of the light. For example, if the light is within a fixture, the 
light can be adjusted by powering off or powering on one or 
more lights in the fixture (such as a fluorescent light fixture 
with several bulbs). An alternate embodiment includes the 
target light intensity being established by a coordinated con 
figuration sequence across many lights in an area. For an 
embodiment, according to the light profile the target light 
intensity is established at least in part by a coordinated con 
figuration sequence across many lights in an area. A specific 
embodiment includes a pair of fluorescent light fixtures with 
three bulbs each, in which two of the six bulbs are controlled 
by one dimmable ballast, and four of the six bulbs are con 
trolled by a separate dimmable ballast. The two-bulb ballast 
controls one bulb in each fixture, and the four-bulb ballast 
controls two bulbs in each fixture. Dimming is achieved by 
the dimmable ballasts by turning off two or four of the light 
bulbs while the rest remain on. 
0028 Particular configurations of lights include light bal 
lasts that are inefficient below a certain percentage of bright 
ness. To accommodate these light ballasts adjusting the light 
intensity below this percentage brightness includes dimming 
until off one or more lights gradually simultaneously with 
brightening the remaining lights to achieve the desired light 
level adjustment. 
0029 FIG. 3 is a time-line that shows an example of a 
sequence of timing events as an independently controllable 
light is powered on. As shown, at to, the independently con 
trollable light is powered on. At a later time t1, the indepen 
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dently controllable light uses a default profile (as mentioned, 
the LEMS can later upload a different profile). At a time t2. 
the independently controllable light can perform sensor cali 
brations. Thereafter, the independently controllable light can 
enter a steady state mode in which particular sensed events 
can trigger adjustment of the independently controllable 
light. 
0030 FIG. 4 is a time-line that shows an example of a 
sequence of timing events during operation of an indepen 
dently controllable light. As shown, a sensed event triggers 
the light adjustment which initiates a fixed adjustment inter 
val after an initial stabilization time. Embodiments include 
the initial stabilization time when dimming the level of the 
light, and is potentially set to Zero (not included) when 
increasing the level of the light. For this embodiment, a ran 
dom time delay is initiated at the same time as the fixed 
adjustment interval. The random time delay is very useful 
when more than one of the independently controllable lights 
are located proximate to each other. The random time delay 
ensures that the proximate lights adjust their light levels at 
different times, preventing oscillations in which each light is 
adjusting for the other and also ensures uniform distribution 
of lighting. 
0031. After the random delay time, the light level is con 
trollably adjusted. The adjustments continue until the target 
level of light has been reached. This can include any number 
of fixed adjustment cycles. Thereafter, the changed damping 
interval is included to damp or filter the changes in the light 
level. The damping interval can be skipped if the lights are not 
at an acceptable level and need to be increased. Light levels 
below a level can create safety issues. Therefore, the logic errs 
on the side of safety. After the duration of the change damping 
interval, a next sensed triggering causes the entire cycle to 
repeat. 
0032. The fixed adjustment interval introduces gradual 
changes in light levels and also allows proximate lights to 
effect gradual changes in a fair fashion. Multiple lights react 
ing to the same condition (for example, opening a blind and 
allowing Sunlight to reach multiple lights) react at different 
times (due to the random delay) and have similar chances 
(Steps) to affect the desired target light change. The gradual 
changes in light levels do not distract occupants in neighbor 
ing areas. 
0033. The fixed change damping interval is introduced to 
prevent occupants within, for example, a room being lighted 
by the lights, from being irritated by continuous changes in 
condition that affect the lights. For example, on a partially 
cloudy day as the Sun goes behind clouds and the light inten 
sity sensed by the lights changes frequently, the occupant may 
be irritated with continuous brightening and dimming of 
lights. In this example, the logic would keep the lights at the 
brighter level to keep productivity high (that is, less irritat 
ing). 
0034. The initial stabilization time is used to filter tran 
sient increases in perceived light levels. This might happen, 
for example, if a person with white clothing is close to the 
light sensor, or for example, if external car headlights are 
received by the sensor causing an increase in its perceived 
light level. 
0035 FIG. 5 is a time-line that shows an example of a 
sequence of events while an independently controllable light 
is increasing its light level. As shown, the light level of the 
light is at an initial level at the point a triggering event is 
sensed or detected. The light level is then adjusted to a target 
level. The adjustment initially can include a level adjustment 
step size (delta 1) that is larger if the actual lighting level is 
below an acceptable level. Once the actual lighting level 
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exceeds the acceptable level, the level adjustment step size 
(delta2) can be deceased. The effect being that the light level 
changes more rapidly when increasing and the difference 
between the target and the present light level is still large. That 
is delta 1 is greater than delta 2. Note that as previously 
mentioned, the time between level changes is the fixed adjust 
ment interval plus the random time delay. 
0036 FIG. 6 is a flow chart that includes steps of an 
example of a method of adjustably increasing a light level of 
a light fixture. A step 601 includes powering on the light. A 
step 602 includes detecting occupancy in the vicinity of the 
light. A step 605 includes detecting occupancy by polling the 
motion sensor of the light at a regular interval. A step 603 
includes detecting occupancy through an interrupt from a 
motion sensor of the light. If occupancy is detected thena step 
606 includes checking if the light level needs to be adjusted. 
Iflight level needs adjustment, then a step 607 includes deter 
mining if the light level is at least at an acceptable level. If 
acceptable, then a step 609 includes selecting a small delta for 
adjustment to provide a gradual change. If not at an accept 
able level, then a step 608 includes selecting a larger delta 
change for adjustment to provide a more rapid change. A step 
610 includes introducing a random delay time. A step 611 
increases the light level by selected delta. A step 612 includes 
checking if the light level change effected is realized. If 
effective, then a step 613 includes initiating a sleep period 
until the next fixed adjustment interval. If not effective, then 
a step 614 includes re-evaluating the current light level and 
starting a new cycle. 
0037 FIG. 7 is a time-line that shows an example of a 
sequence of events while an independently controllable light 
is decreasing its light level. As shown, the light level of the 
light is at an initial level at the point a triggering event is 
sensed or detected. The light level is then adjusted to a target 
level. The adjustment initially can include a level adjustment 
step size (delta 3). Generally, delta 3 is less than delta 1, and 
therefore, the lighting level increases at a greater rate than it 
increases. 

0038 FIG. 8 is a flow chart that includes steps of an 
example of a method of adjustably decreasing a light level of 
a light fixture. A step 802 includes detecting occupancy in the 
vicinity of the light. A step 805 includes detecting occupancy 
by polling the motion sensor at a regular interval. A step 801 
includes detecting occupancy through an interrupt from a 
motion sensor. If occupancy is detected then a step 803 
includes checking if the light level needs to be adjusted. A 
step 804 includes resetting the change damping interval. A 
step 806 includes checking if the light level adjustment falls 
within the change damping interval. If so, then a step 805 
includes initiating a sleep poll interval. If not, then a step 807 
includes selecting a small delta to ensure a gradual change. A 
step 808 includes decreasing the light level by the delta. A 
step 809 includes checking if the light level change effected is 
realized. If effective, a step 810 includes initiating a sleep 
cycle until the next fixed adjustment interval. If not effective, 
then a step 811 includes re-evaluating the current light level 
and starting a new cycle. 
0039 FIG. 9 is a flow chart that includes an example of a 
method of controlling a light. A first step 910 includes detect 
ing a light adjusting trigger event. A second step 920 includes 
selecting a random delay time. A third step 930 includes 
adjusting the light, wherein the light adjustment occurs the 
random delay time after detecting the light adjusting trigger 
event. 

0040 For an embodiment, detecting a light adjusting trig 
ger event includes sensing a light level change greater than a 
change threshold. That is, for example, sensing a light level 
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different from a target light level by an amount that is greater 
than a difference threshold. Additionally or alternatively, the 
light adjusting trigger event can include sensing a change in 
room occupancy state, user input, or a state of emergency. For 
other embodiments, detecting a light adjusting trigger event 
includes detecting at least one of a change in time of day, a day 
of a week, a day of a year, a change in weather. For other 
embodiments, detecting a light adjusting trigger event 
includes receiving a demand response request or a real-time 
pricing request from, for example, the LEMS. 
0041 An embodiment includes adjusting the light only 
once per a fixed adjustment interval. Further, the light is 
adjusted the random delay time after the start of the fixed 
adjustment interval. The can further include periodically poll 
ing throughout the fixed adjustment interval to confirm that a 
state change that caused the light adjusting trigger event per 
sists. If the state change that caused the trigger no longer 
persists, then a new light triggering event can be initiated. 
0042. As previously described, a light profile can be 
received that includes at least one light parameter. The at least 
one lighting parameter can influence the change threshold 
(either a percentage or an absolute value), the target light 
level, and/or the difference threshold (as either a percentage 
of an absolute value). 
0043. Additionally, embodiments include the at least one 
light parameter influencing the fixed adjustment interval and/ 
or the change damping interval. 
0044) Embodiments include factors influencing the light 
profile. For example, the light profile can be based at least in 
part on the type of room or area. The light profile can be 
adaptively updated based at least in part on at least one of a 
productivity versus efficiency (PVE) scale, a daylight likeli 
hood assessment, time of day, day of week/holidays, weather, 
emergency, demand response requests, real-time-pricing 
events/split up pve and dla. 
0045. Describe PVE scale can be used to identify how 
lighting provides a tradeoff between productivity and effi 
ciency. 
0046. An embodiment includes the light parameters being 
configured Such that a light level higher than the target light 
level is handled differently than a light level that is lower than 
the target light level. Adjusting the light includes adjusting a 
light intensity of the light by an increment step, wherein the 
incremental step is a fraction of a difference between a 
present light intensity and a target light intensity. 
0047 For an embodiment, if the target is greater than the 
present light intensity, then the light intensity is adjusted at a 
faster rate if the present light intensity is below an acceptable 
level, and at a slower rate if the present light intensity is 
greater than the acceptable level. If the target is less than the 
present light intensity, then the light intensity is adjusted at a 
slower rate. 

0048 More specific embodiment includes after one incre 
mental adjustment, checking if the measured light level 
remains such that further adjustment is necessary and, if so, 
adjusting the light a new random delay time after the remain 
der of the fixed adjustment interval and repeating this process 
until the measured light level is no longer such that further 
adjustment is necessary. 
0049. Although specific embodiments have been 
described and illustrated, the described embodiments are not 
to be limited to the specific forms or arrangements of parts so 
described and illustrated. The embodiments are limited only 
by the appended claims. 
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What is claimed: 
1. A method of controlling a light, comprising: 
detecting a light adjusting trigger event; 
Selecting a random delay time; 
adjusting the light, wherein the light adjustment occurs the 
random delay time after detecting the light adjusting 
trigger event. 

2. The method of claim 1, wherein detecting a light adjust 
ing trigger event comprises sensing a light level change 
greater than a change threshold. 

3. The method of claim 1, wherein detecting a light adjust 
ing trigger event comprises at least one of sensing a light level 
different from a target light level by an amount that is greater 
than a difference threshold, or sensing a change in room 
occupancy State, user input, or a state of emergency. 

4. The method of claim 1, wherein detecting a light adjust 
ing trigger event comprises detecting at least one of a change 
in time of day, a day of a week, a day of a year, a change in 
weather. 

5. The method of claim 1, wherein detecting a light adjust 
ing trigger event comprises receiving a demand response 
request or a real-time pricing request. 

6. The method of claim 1, further comprising adjusting the 
light only once per a fixed adjustment interval. 

7. The method of claim 1, further comprising adjusting the 
light the random delay time after initiating the fixed adjust 
ment interval. 

8. The method of claim 7, further comprising periodically 
polling throughout the fixed adjustment interval to confirm 
that a state change that caused the light adjusting trigger event 
persists. 

9. The method of claim 8, wherein if the state change that 
caused the trigger no longer persists, then initiating a new 
light triggering event. 

10. The method of claim 1, further comprising receiving a 
light profile, wherein at least one light parameter is included 
within the light profile. 

11. The method of claim 2, further comprising receiving a 
light profile, wherein at least one light parameter is included 
within the light profile, and wherein the change threshold as 
either a percentage or an absolute value is based on at least 
one of the light parameters. 

12. The method of claim3, further comprising receiving a 
light profile, wherein at least one light parameter is included 
within the light profile, and wherein the target light level is 
based on at least one of the light parameters. 

13. The method of claim3, further comprising receiving a 
light profile, wherein at least one light parameter is included 
within the light profile, and wherein the difference threshold 
is based on at least one of the light parameters. 

14. The method of claim 6, further comprising receiving a 
light profile, wherein at least one light parameter is included 
within the light profile, and wherein the fixed adjustment 
interval is based on at least one of the light parameters. 

15. The method of claim 10, wherein the light profile is 
based at least in part on the type of room or area. 
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16. The method of claim 10, further comprising adaptively 
updating the light profile based at least in part on at least one 
of a productivity versus efficiency (PVE) scale, a daylight 
likelihood assessment, time of day, day of week/holidays, 
weather, emergency, demand response requests, real-time 
pricing events. 

17. The method of claim 3, further comprising receiving a 
light profile, wherein at least one light parameter is included 
within the light profile, and wherein the light parameters are 
configured Such that a light level higher than the target light 
level is responded to differently than a light level that is lower 
than the target light level. 

18. The method of claim 1, wherein adjusting the light 
comprises adjusting a light intensity of the light by an incre 
ment step, wherein the incremental step is a fraction of a 
difference between a present light intensity and a target light 
intensity. 

19. The method of claim 18, further comprising: 
if the target is greater than the present light intensity, then 

adjusting the light intensity at a faster rate if the present 
light intensity is below an acceptable level, and at a 
slower rate if the present light intensity is greater than 
the acceptable level. 

20. The method of claim 18, further comprising if the target 
is less than the present light intensity, then adjusting the light 
intensity at a slower rate. 

21. The method of claim 18, further comprising, after one 
incremental adjustment, checking if the measured light level 
remains such that further adjustment is necessary and, if so, 
adjusting the light a new random delay time after the remain 
der of the fixed adjustment interval and repeating this process 
until the measured light level is no longer such that further 
adjustment is necessary. 

22. The method of claim 1, wherein adjusting the light 
comprises adjusting a wavelength of light emitted from the 
light. 

23. The method of claim 1, further comprising sensing a 
level of ambient light with a light sensor, and sensing occu 
pancy with a motion sensor. 

24. The method of claim 1, wherein the light is within a 
fixture, and wherein adjusting the light optionally comprises 
powering off or powering on one or more lights in the fixture. 

25. The method of claim 24, optimized to accommodate 
light ballasts that are inefficient below a certain percentage 
brightness, wherein adjusting the light intensity below this 
percentage brightness comprises dimming off one or more 
lights gradually simultaneously with brightening the remain 
ing lights to achieve the desired adjustment. 

26. The method of claim 3, wherein the target light inten 
sity is established by a coordinated configuration sequence 
across many lights in an area. 

27. The method of claim 12, wherein the profile value that 
establishes the target light intensity is established at least in 
part by a coordinated configuration sequence across many 
lights in an area. 


